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(54) POWER CALIBRATION METHOD FOR WRITE-ONCE OPTICAL DISK AND OPTICAL DISK RECORDING AND 
REPRODUCING DEVICE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a power calibration method for 
write-once optical disk and a recording/ reproducing device which can 
acquire the optimum recording laser power in consideration of the 
necessary conditions of the device constitution. 
SOLUTION: A storage part stores the laser power acquired when the 
trial writing is previously given to a prescribed write-once optical disk 
and the time width of 3T pits set when the optical disk undergone the 
optimum recording is reproduced. When the recording laser power 
optimization (OPC) is carried out to write the information into the 
optical disk in an information recording mode, a single partition of the 
test area of a power calibration area (PCA) is divided into the 1st to 
4th areas ER1 to ER4 consisting of plural frames respectively, and a 
single trial writing operation is carried out in a single area. At the same 
time, the laser power and the recording pulse time width are corrected 
based on the value stored in the storage part. 
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I 

[»#'« 1 J a i »w«MB«fc- 

T-^^f^^iSiaS^T-' -f A V \zM US 2 Srff o fc fc * ^> 

u — /< 9 - 1 , * mtm z n fc*?* a * ? & u 
fc fc * oo m is s * rfl *i » Bf >t* » (o m m m «: *r.-r a ^ 

^ ft * co P# ffl *I fc 12 ti m e E it L- . 
««E»P*(i:*3^T . iWE««^»*t*fc 4 ai&E7£ft 
7-.f ^go^p — y yu-v^a y^ij rc^(j^ i 
^-r v- 3 ^fctMfcfc'#MU 
Bt««^»»l Lfc l '<-t 4 v- 3 Vcofg 1 co»W««(c 

&*S^fc UTSfl5£*fc4>fc< ^ t 2OC0L^-f-/^ 

BtlEffi&fc^I'! Ufc l ^-r * i/ a >wf 2 co#*HS«« 
a£® 2 co»#l»«^«**i^*««fcS-*L-C, WEE 

«■ 6 w\mm fcWcBtt sht^s p#pfl«i»i <t a /^v 
1 r as ra (i MiEffi > #x> , 

l*B»ra«i«jEffl[|c J; y WEE^^fS-S-^WWIB*:* 
ie lt . ffiflB1Mfcfc#*l Lfc i /*-r a v- g ^cof* 3 co 

»»I«««C«V^T, d>*< fc t> 2oooi/"-tP-/^7-^ 
J;ot»2 y 7 >-i/p >"fctT^1&2 

i&S 2 cofefi^ ^-X^WEWPflWlijEit&WttEftfc 
ffi v * a r fc £ ttltt fc -f 6 mm%r a *9<r>*y - * -y 

2 ] mmmm^> 3 1 »«>B*"iBfi«: 

-trt*5<^^»*^fe46ETM»*(C < fcorfflf*3fl«E 

^ »Bf >t co iiES * r ^ ^ ^« L * .# ^ It ^ fc <t ^ <o 
-^-^ -<b , *JSE»*iifc3t7*-/ ^ ^ ^'W^ L 
<t * ^WEI»«ffl«OifIBO»IIBi{:tt5^ 
^ If # cr> [i# « <b S: Ett»*t t^EtS L , 

*s ^ -c k rti EEtt ^ it ^ late £ ft r ^ o v - 



(2) • - 2 1 2 8 6 6 

fttiiaism^^aii Lfc 1 /^-r -f ^ 3 yom 2 co>>i^«c 

ttff 2 (O^IW^oiia^MSrBtUt, WEE 
6 fiEEIftSStttcEffit $ .Mr t ^ p«fflfB «: * 

^ i^v^r, .^E«2(0*ia^^-tCctorKSft«iSfBco« 

■K *4(0»»»«^tSi4****»tLT t fit! EE 
^ 5mEEtt3g*(wE« S MT i ^5 #«!««: ff-f $ 

ct SB 2 oos^jt^^^safiHrt^ t * a mm 2 <d 

tkM'* 9 - AO'm l »B*BB«M^ffl«:««E»^fflv> % 
.BSE3B 2 ^It^iNeiMV^^ t * I* . 2 

^ ttffi 2 co^iSx-=: r? ^ft^flffEIB 2 ^AR(|«.M[IEttS:WtR 

3 ] StlEEtftKflt(c*i«fiES*P#M+Ico 3 ffi 
co P# IU9 ti * "T 5 ji -x ffi * 0 H# rfl *I A * Ei£ ^ K , fffj E 
J6»*«W#^ttlWES«#Pfl«^3ffW(iSMffll^ 
5*»#<:*tHr S ^ t ^ -r5«*JB l Xli 2 Id 
«0>i|E»5te^>f ^^co/^17-^^ ^^^a ^ti 

^ .9 ' 7f f^r->fl (EFM) Lt, S*fl#(a«co 

FMff-g-l-ffi^j-raE FM^y^^'i: , ffi^COEiSS 

^-tZyitytTy-fk* B5EE F IVlff ^-tvS^^r fit] 
Eu-lf fc S2*rf a 1/ - ifStt * ft t fctt ^ fc ft r -f ^ 

^ftBff SflOiiESSftf* -f ^ ^ US # !t o fc t $ 00 
t — "t^— <^!7 — <t . * a Eft $ M fc 3t X ^ ?£ft±L 

50 m% ^mmmt fcEirr&iatt^ftt , 



3 

» go U# ffl « 4: * t" 5/^^(S#^«PBB«^iail$il"Cir 1 ' 
5r.i Sr4*« t f 6 IS *ijS 4 tfi«i tf)3tf * ? ± 
SHE. 

[&^cof£»ftiaW] 
I 0 0 0 1 ] 

K«aiE"»1-S»^<0|a» k-if ^ [7 -HfciBffcfrfT 5 
BRtf>/<!7^.*-V P :/l^>a 1/ J * 9 Ifl^ 
flF±8«fc H-T <5 -t ^ T A 6. 
[ 0 0 0 2]. 

[3**«af&j-i£*, aiai!*^*^ icd-woi 

flHR *12»-r 6 KlSfifc u— if P -*a-fn (O P 

C ;0ptimun Power Control , HTOPCJtfttS) 

v' 3 >i !/ 7 ( P C A : PowerCalibration Area, • 

IS» Lfcflf*«:S4--r <s r <t K «t o -Cfif<?.n "C t ^ So P 
CAIir^ V .'T.tflCr* Tizfttf 6ft. ^ft 
eiil 0 Ofi^-T^f v'a fcft-0*6„ 
[ 0 0 0 3 1 hx 1/ 760 1 /^-"T -f v'a 5 7 

*C, l 5J&KG0U-*- f/<(7^KLt*<:fft\ xr^^f 3 

-c * t> lasftftc? a ^ o fc u - if c? - * mm l r & m 

[ 0 0 0 4] WiE Lfc^ttK \fcftli . OPC fcfrofcB 
l m tf>K * -e* ii u- - if ^ 7 - & & o 6 n t # 
T*£fta>o/~*Jhii\ S^l** biciilEft u-- if/^p-& 
.1 ©coo pccpc Af^Si^ 

(bit, cD<h»t6) t ur^jsS'^-drafc^^ttjifeT-' 

to^I^Jb'J , xrCOfc^O PCi LtS 9 <B 1 

[ 0 0 0 5] tot, 9 9 ffi S ft ft C D Sr^Sli* 

5tf>U,tt . McKV I 0 0 flioo^-r -f v" a 5 fc 

<v> , i © co o p c -est^^'-r ^ >- 3 v & (&o 

0 t , 9 9 to S:fa»1- 6 ^ i: ^ -C # 4 < ft 9 . St&(vR 

[ 0 0 0 6 ] Z.<r>t^ib. *-tflJHA liWIfiSP 7- 3 4 0 5 



(3) .#[Jf|5p9 - 2 1 2 8 6 (5 

2#- (M?7 - 2 8 7 8 4 7^) |:J;or, PCACO 

ft eft 1^ - if »7 - £ jr^> 6 r. i -c # ^. ifiiaS3tr -f 
[0 0 0 7 1 -w^ifetBLTtiaM^a. w^. B21: 

tfTX 0 CPC Ali 1 0 0(i(P^ — r v-a ^ POOL - 
PLOO ^^-f^^ayPOOi - P 100 II 

/(? [ o o o 8] A-jaftiais^-^^-SrjR^sis^, p 

CAClt L^^ Srfr '> t £ , II (O^j^ijr*^ 1 /'~r 
^3^5:5 y .A-f OtOfj i 7!;il3^«E R 1 
-ER 3i:»»L. 3iaJcoP;tl:^^ifor^6 0 
[0 0 0 9] £*t 5 i:*^**^^**^ It 

/i^^yU**ibftSJS*0<5OE FM (Eight to Fourteen Modu 
lation) fH5-*^Bl\. ^cOE F Mff ^-{C J: o T U;— if 

[0 0 10] H3tt*«W{C««jfef f -f^^«)|B«ik«* 
^ - if S BM 0 4 (cK Siffl WW* * -f 5 . if - ^ 0 

^ 3 f^t, jfe tr -/ ^ r ^ <o&w& unm \s (H« 

30 L-Ci^^if3feS:ttJ*rS-fr5. 

[ooii] 7 1'iRFttWalK-C, ^t^^7^"/5(: 

[hiss s &u j3 ^mteiits 9 icjii^-r <So ^ ^ 9 &&&& 8 

li A t) L fe" R F fS# t ~ «tf LtEFMfl^^Mt^ 
t*JC. ««B#Pfl*BTCO3*cO0#M+I 3TP*ffl 

fc : B>»»BBr^^tCPUi o^ffi^-r^ e 
EiHdrjt. a^i LtzR Fft-^coe-^tt, EPfeffi^liA 
^ fc«/HlBSri»ISL\ J9c<o(i) Ki;i;orStULfcU)l 

i'cpuio [cta^-rs. 

[0012] ^ - (A + B) / ( A — B ) " (l) 
CPU 1 0 1^. v^^feffi@K8^bA/jLt3TP^ 

a?*-9<o»Wr4:9Lt) . Ktttns*^s-^^r»sa«. 
fflE FMfS^OWBBWjEffiiWtH^Si:*^, 0fi£C: 
£ <3 ^ r a il ft 1^ - if '< v - & X y> > n i l b o x - 9 & 

S:Ki»«l|«i(s]K 2 i^ffi^-r6o 
[0013] »:tc..llfiiS<so«fiJt<t 9fta*r-f ^^IB» 



5 

f^Citot, OPC&if?* OPC*fr5»l>. C 

PC A<DT-X h^li T-^-f-U ( S A 2 ) , ftffltS 

#3B 1 7^3g« 3 Ofttt ER1-ER3 fc#*|-rS ( S A 
3) . 

[ooi4j Si:, cpui oii, Si fio-fflJtSE Riw 

( S A 4 ) 0 lOiiiDk^f/^-ll, L--ify^^- 
fc 5 a*l CO ALBE f C JjrjES L fc 5 60 U ^ if/ < F - CO j*) CO 

tl*4^M(C|k L $L-C^#^^^fT5 (SA5-SA 

[00 15] fl R 1 C0£T£07 

jA^^fTo/^ft, r*ife»*&^£'1*$*i?±L (SA 
9) . #7 ^A(c*Jrf-5 |8"ffl[4r**5 (SA10) 0 

ztib 5<?w-ufflica^r, isc^t^. 5(^/3 fit 

t „, = ( t ! N i + t 2 Ng + t 3 N 3 + 

* f * a ^ * ^ «v *? ^ r h# rfl m ^ m IE * x ^ 

*IBfl(OXt^ y .tOORJflltt — k<rj&'MX'£;£ jtl 

*frkX (x J , y' ) fraSfllJla*, y-0«i>6 
£:#'<*> xtt (MiEffi) zmft& c fedj; .y . "#85*3 T 
e 5/ h iJ&jjtXS 5 , BPfc * £ -f 5 r £ 

6) 8 

[0019] r.rr^R^ferSlEiax^ffi$:C PUIO^ 
bIfl**JWlHl!8 2 tCjg^Ufa^ E FMff -§-C0B#Pfli®O 
■IfSiESrff 5 (SA17) . 

[0 0 2 0 ] SC, CPUlOli, f 3 fiOf^St E R 3 CO 

1 7 Ix — i\ g (cJR 1 CO U-I^r?—^^^^ 
(SAI 8) „ rcot #C0 tfV?? — (^ H5i$L/t<h 

U~ifX?^Ort<7>&/]>fl£ Sit 5. 3B3fl>* 

- 57 - 4- -tn -t;ti a # 3 lfi<; i£ £ l r * £ ia * £ ft 
9 ( s a 1 9 - s A 2 2 ) o 

[0 0 2 1] 13 cOffii^E R 3 COSTCO 7 V — 

2 3) . 3-7 l^AlCtttf 6 /JM&JR#6 ( S A 2 

LT40«(^|iafc1*l«L0~a (ft ft fit) fcfcSU—lf 
■>*(7 — &*4?> (SA2 5) , OPC^ilTt^o . 



(4) ^H2p9-r 2 1 2 8 6 6 

e 

^U-f^Wt- K^co"^D«JEV b^*^6 (SAI 
1) 0 

[0 0 16] c p y 1 oti li = a 

oT1B'2(pt(lttER2^»Sja s fr«:1t5 (SA12) 0 
wC0%, «2^««ER2-{C*#i4Aytf««*^L 
(SA13) , 5 7 l" — ACO^CO 1 7 U — A, CTil^4 

10 y h<OP#mA&K^ft5- (SA I 4) 0 

[0 0 17] ft^t. K^6of;3T HOB#|B«(0 
^*&tt«r*ac>6 (SA l 5) . ^Cfli, |6l:^tJ: 
jE»&3 TB»M«S:«|iii>fC Lt± 1 18ns cOffl 
^4^^>L, i-4i64 o<b#-»«rtr:£**l5 3'TfcV 

6±X(K>3 TtV ho3S:r#^LTWfl*ico5p*Dfe c <m 

^ [0018] 

t 4 N 4 ) / (N1 + N2 + N3 + N4) •••(2) 

[0 0 2 2 ] ^{c, CPLil 0iJ:OPe<' J:otW: 
*iB^ l — V'* !7-«:ia»fWflPBS8 2 L, r co k 

-^7-^J:or««^*ti2i^«:fT3 ( S A 2 
6) Q 

[0 0 2 3 ] J; «jllt»{;j;nii, P. 

CA^KL»*S:fT5 1 ^T'fy'a 7 

t^-jU-f 0(D® l 75MJB3^«*fe R 1-ER3 <c^»| 
^ 3lHl«)K"L1f#*fTor, ^M/cCfe^t-'— i/-V^7- 

£**T^6cO-?\ 1 ocO/n-t^ v-a V^ffll^Tff 5 1 

©coo p ctv^^r^j®/i;ta^v-if^7-^^^5 r 

[0024] 

mm^^xb&T^rm&frfo^f^ mh y 

tt^cD^iferMi, S 1 oOlgi^E R 1 (^^ LTia»-f a ^ 
-lf^^!7-*a*«:»uK5tL. *t^^ r 5 CO 

[0 0 2 5 ] $b{Z^ frteV<Dfo/<V~Xtm'r&tA 



[o 0 2 6 ] ifc. mft<rj-&mmr~\t, *a-E»T-*>s 

£ iRIWr 8 *" 6 /t tf>fc . 3 T y h CO 0#fifl*I & ffl'J SL. n <0 
3 T tVh «W*Bd«d 4 6 9 4 as (X I E»«»£) fc 

<7>*^.w«M4«a* ^ 5 o r i -'iufMjB 

<DWMM$&<OMc&lz X or. 3 T fer^ hcoWMBtt*:* 
ofc* 

[0 0 2 7 ] **W^Bftli±E«HlflljS«-«*, SSK 

^<t^'C# s'ifiES5te7-V*^**!7-* + 
y /l/-^ 3 ^*j*itV3t^^^^E»H*»fllt«:»«. 

[Q 0 2 8 ] 

( ffimZMfc-t- & fc » co ¥13: ] W (iiE^) i « £i* 

i «-<OP*fB«*|rt"S^^fS*^fe/l:5E FMff £j-<c 
£ o r -IS S # Eflfe p ft 6 i£ Efi£ * x j* ? co /% J c? - * * 
y ^v- v-a ^^teic^d^r, ^sf^oiiESjt-^-f 

^ ? CK L5§ £tT-o fc t £ CO tx— — «7 — t . ^j® 
?ei**ftfc*7Vf * # Lfc i # affiESaittmtt 

co ff £ « <0 S# M fi £ * -T S / ^ * ft # co e# ffl *I 4 £ Ett 

ssatuiEttu ffmiasfifi^^t. mEiRWE»*t-& 

&/i:6i6E^3fe^'f.*£0/*!7 — 'J '/ U— v-a >^ 

r, mEE«asajwia«**i-c^s 

j:. ots i iHigco/^-^-'V nyt^^a y£m v m 1 . 

<o*«/< fflE1MfcU#WUfc l * 

a >'£>3B-2 co#»HB*i&K::|3i*T , fltjESl co*®'*? — 

«*R^<o» * ur, iffiEEte RttfcEtt 
* ft T ^ 6 fl§B8*S 4 . fflES^^/u^ fctei} £ ffiEEtt 
$S H fc Ett $irct^ b# Pfl H & * "t" 6 / * ft cob# ftfi 
■Bt^S6^i4ftt±l-b, tt 4> ■ A ^ 3f >x co £ 2g 45 11 ^ co 
tSlimE*l<0*iB^!7-«r««E»^fflv\ HtES 
» m ^ffl E 36 iMfiB* w 4 # 14 , MEI6» ft ^ S ^ ^ T 
WPBIl«i*iEtt4:*j«), ttB*BB*B*JEffl^ J: 0 fiuEE^^ 
^ ft ^ co fy] (B S: ti IE L X . ff\ IfiStC 5> 84 L fc l ^ 
— r -f a ^0)% 3 0^ii|flflttc(i*5l^T, < t h 2 

iS^ '7-5: U^iEH#Pfl «-1i3Effi & ««E»«i ffl ^ 6 it la 

[0 0 2 9 ]. KiajBJK^T"' ^ ^ W/^ ^ f U7>- 



(S) *&BS¥9t- 2 1 2 8 6 6 

S 

fa ^^ife^iiLtf. ^toBfjewifiEa*^^ 

LIP^ frff o fc 4 # co i^-if-/< 7 - 4 . ftXE«$ ti 

$it>So &1t\ ««E»»*^*3V^T(*.. ««E»»ftt 

t, mEEttSstt^Ett snrt^a ^f^/^-ti 

J;otSi iH]gco/^-^t ^^^a v^ff^^r 
Ep i o*a^ 7 ^i: i o r a^ilf o 

x: mmmmm^m&zhx^zmmt . mm± 

' s^/isTs {z. *j 6 MfEEttSStt^Ett * ire t ^ £ ftfiflS* 

0#M+I^«iE^;tur . WEttt»^!»W$iifc l * 
v-a y(O*3(0»»K«(;*5^t. 4 t>2ocok 

^•-tf— /-?!7— J:o-C'*2®B^^^!7 — ^r-V !/7V-^ 

a ymi&tixn2 0>Mm'<y^fr#&bft. k*2o. 
17 - a rfl tiffi ieae wek ic« ^ t ti 

[0 0 3 0 ] ifc. 1**112^14, ^»#fflfecO 3 (§7!? 

ttioT W W Eift S H 6 i6E ^ Jfe ^ -r ^ * co / ^7 - 
^-•v y y v-a y*j£^*iv^'C, ^»Bfffi<oiaES* 

&mm * n fc ftx ^nst^ t * ^ mEas*w# 
Bti 4i ^ ^ s « w n m «r =finr 5 ^ ^ ^ ft * w u§ rfl h <t 

Ete^BUEttL. ««E»P#«v*s^r, fliiEf#«Ea 
^fctttSiaEJe^-f ^^co/^-^-v y yi^-v-a 

a*JC»»l Lfc 1 /^-r ^ ^ a V«0« .1 ^»»i»*^43 

S*P4 LrS:m$itfc^/j:< 1 1 2 000 if-/^- 
motf i Ch3@c0/^-^-^ l J y — v'a y*ffv x W 
1 <0*jg/<9— 4r*4i>, fltlEtt^^^/i'lLfc 
^ 3 vcsoiB2«»»«J«^*5^r, MEIKl co^il/^7 
-CJ:o r K* 1R ^ 0 * ii ^ £ ff o fc ft . tt« 2 co f> 

mm-^M$&fymm&n± it , ntiEEttssfK^E 

ItKWwEttSttri^WMtlSr^-fa^^fS* ^ B# 

rpi 4 co^ l co^ft^t*w u. asm i co^^ft^FJf« 



djfl i \ mess i (5o^^>ac^fitiiGs»iSffl^cQ «t s « . 
# , t£ft i fioWBB««jE«t^ J: D #jEE£S^;<{f 

Vtf)?|3C0^W^{-^^r, 4/ft< tt)2 0C)L if 

ttt^* 2 ?~£m#>, mmmzftm l/x i 

v-a yw?B4^^I»lfi|«(C*3^"r. lfflE*2C0 

5* 4 0O^»IM«t-^->» # * ft£ L T , ffilSEtt 

6 3ft EEtft »M (C Ett £ lit ^ 6 H# Pfl fg & # -r <S 
ft#co»M*g-i: <o® 2 »*$>*«:«6tU U tt* 2 

if* 1 ow««*jE«tfll «ia»«^ffli\ fiUtaiS 2 as 

^s^Htigas^asiffl^fio <t * we* 2 co^a^s 

& OWES*'" 2 CO 0§ Bfl *S !« jEffi £ « miB^ (Cffl I * 6 
[0 0 3 1 ] ttifiEJ#3ter f *f X? <Ds<9^X-Y I) TV— 

' uif ^ &• ft o t # co u - if- 7 - t , & mtm £ ft 
nit*?* *-p zmt \ritt $<nmmmmm<Dmmi% 

ft 6iiIS^3feT-' * ? 00 / * ? - * Y r/k-v'ayxij 

ric*iW5 i/^-r-f v-a vriMM*fc#W3ft. tt&ft 
£#*l£ftfc 1 ^-r v- a vcos i a>4>fi|^S«(ctet> 
t, AirEEifi&tt^Ett o.nr^6 u-if-^9-&s 

^o'Cli isi 57 + y /i— i/a y^ifWir 
/ ^ ^ (c ts < } - 5 fiij lata fit ke t# 3 ft *c 1^ s n# w h & 

* ^ S ^ ^ ft # ^ 0# M *1 t<sp*^*3&«ttW* it . i% & 

foil . ttfl*M«i*iEfflC^ J: 9 f»j2E»^ a;* » #<^> 
B#BB*B^«iE*h.r. ,StlEaftiC4>*l*ixfc 

v- a VCO;^ 3 ^^W«*SE^*3l>r , '>ft < t t 2 OtD U 
9 J:; o t f 2 0 g CO a !7 - -\' M 7>-v-' 
a V^|ftoiirjS"2CD^H/<!7 — ^5}t^bil<So 

1:, mmmcftpiLtc 1 /^-r ^ v a ><o»4 <z>»w 
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$ n r , WEE»8««-Ett * ix-r 5 «?bb 
♦it, ^E^i/^u-^^>Jit6fltftaEte^B{cE«^ii 

^s^ttasiL, Km 2 »^*36*Bf«wsw»Brt^ 

fc * lifflEff 2 co*a^ [7 -RU ; m 1 coB§Pfl ♦I-UiEffi^ 
5WttH#0>i:*Mt, WE«2<oaS»«^S-J^T*2 

e* 2 co n# pa *im ie (it mm <^ ffl ^ & ii -5 . 

/t? [0 0 3 2 ] Sfc. tt*3S 3 =C{4 . f#JR« I X(i 2 E* 

*5t^r, mi!afait:^it(c{ ; j:HiiiaS^ti#P^[|)I<o 3»oon#ra 

e * 5 ft B#ra.*s e» $ n , mEifi4>* 

**«Hir5iiE»*^^^^^^!7^*^Mri^^^ 

[ 0 0 3 3 ] U&imA"f4 <Os<V-*\ V/ls- 
is a fflEE1ft%flt^i^t!k^ftStt«:a 

oB*BB«^Ett$.*i, .ffiE»»*«Wfl*KttflllE3Eai# 

HKi^v^tWlE* l XU 5 «2co^»fi^**>bii. la 
»^/^WB#IH«^1*5E3ftifftoitS.. ■ 
[ 0 0 3 4 1 IK3R39C4 Vtt . A^? Ltr^f v>^^ 

'"f—f&^J b • • 7*-T (EFM) 
Lt, Sipfl#riB«c0 3fiF75Sl l»^B»IH«4r*-r6^ 
/k^ff E FMff ^£ffl#-f 6E F M^^^" 

^ <!: , co E»«*»'*'t ft 6 #-r < if* 
Srfflit-ra Lx^if^:ti-6^t:V ^ r y^fc , ffJEEF 
30 MfS#<cS<3^TlWE^-1fS:KI(|-r5 k-1fSS»*S 

t *«ifc jtf-'^f ^ ^ ESS^KKi-fc^r , ^^rJf^: 

coiiES^^-Y^^i-KLIfSSr-fT ofci: # (OU-if- 
•jBEflkSiifcAr^f ^^«rW^ Lfcfc *co 

fin t a - s m s# *i <o m m » » p# m >e * -t -r <s / ^ / v * m ^ 

S:E«.i"6Eti*ftt . ttE**S<OE«rt$ 

IfcJt-T-f **E»B£3S«*:«3gT|-5. 
[0 0 3 5 ] Kafe^-f ^^E»»*K«(wJ;iitf; 
pfK^i&ESJte^V ^ > i:KL*S«:fTofc-t ^ co 

* fltite m m m <o m-m it to w ib *s #-r 6 ^ ft 

* to m ^ 12 if ^« fv x o r e » s ii s « r it 1 1 <£ 

-^!7-&Wi»H«^Ett**t5. ^ r ^^ «*E»l* 
{zfe^Tfi. mEE*^««Etttrt$(cS<J^r. ^ Q 17 
— *-y U7>-v^3 V^|S;{cJ:or. u — if )tco^ 17- 

50 b ? * 7 '*—f A—^WM (EFM) *tir.EFMft# 
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o x v - * # ^ w«b $ ft , B*S£»* £ 4 S fcf* -f * ? 
«t oT*«^ia»^« frft&* 

{ 0 0 3 6 J 1***5^1, M**^**^^ 

S HI *I 3 f<F P# RQ +S * 5 AO* f» P# Bfl *S 
ffltft $ it T ^ 5 * x ^ * IBMk H± mWi & 5 „ 
[ 0 0 3 7 ] KJter-V ^ ? ia»«4.'KKU J:fttf, BfliS 

[0 0 3 3] 

l^^rs^too H i i-^-f £ *3 i;pc.Aii loo® 

X-f y'a ^POOl — PlOO fc:#(J6>ft. ^T't-rr-T' 
~f isa VPOOL -P100 VX 1 5(Bc0 7 I— AF01-F15 

a*b«j*$ft-c^5o 
[ 0 0 3 9 ] Affl/jJlBiRi^-if^^-Sr^feSIRJc. p 

a V*3B 1 75£SS 4 «^»«E R1-ER4 
L . ^ftx'tU- 8 . 2 . 3 . 27 ^ St, 4 

lal COf£ Ll^'i'ffoTV^o 
[0 0 4 0] KL**«:ft?i:#^*#iA*««i:LT 
Ji, £ipR*M4lT£> 3 f*7!?3g 1 1 «OB#W«4:fl"-rs^ 
/U^yiJA^&SjaSPiOE FM (Eight to Fourteen Modu 
lation) ft*4:/fHV r. GO E FMfS J; o T U' — if 
57 — -Sr^lBI Lt^Lf#^}fot^6o 

[004 i] asii^WKffis^-f^^^iaftH* 

t **jfiw t « . tflttas 1 1 % is ( j- , -co 
h# n its & m tt S -d: r 43 * . r ft <b t - s o - ^ r ✓ " v - -v 
[ 0 0 4 2 ] BOfe-, I8(;^^ ( 1 ii^y^ 

U© j» 4 jgsft ffl ffli/f # £ w A too * - * a K 3 ii . 
3ttv^r S^fl&^Kn^yX (H^-fr-f) ^0 

•& g ^ s 15 ^ & a { r -r 6 o ^~vmm®v&4tt> m 
mum®® z^^x-ji ct^mnmw&^m^'c^tt 9 

L . ^ — / Y 6 3^7* -r ^ ^ 6 Lfi / - if 

[0043] 7 «r FtiitaE^-e, le^r^si: 
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cfc o T $ ritzftT A X ? 6 rt> b »filt*<-»*S Ufc 
RFll^tA^U ttRFfl|*Sr«l«Lr. ^y**ffl 
0»8Xtl«fittfeBlHlliS 9[-ttl/jf 5 B ^-/#*tttlHl»8 
liA^bfcR Fft#S:-ffiffcLTEFMf»* ; Sr*a.-ra 

/t? stt&c pu t oiitjjjts. 

[0 0 4 41-CPUlOli ^«feftt®B8^<bA* 
Ml l(vfett$;KT^6 3TB#PflfH^S^^r, 

ffi&^tatttw i i {cleat $ixti^^f-/^'-i;i 
[0 0 4 6 ] Rtia^oti^ci; t)<C$*36ftWoi!!^ 

^ r m -r h o ^ ^ 9 ^cornm <om # a* &m tt-r s 

l;Sfcot, OPC^tf9o Qpc$rfT5B.£. CPU 
1 Oli. *#ii«^fflE FMff-tCOB^PfltlMlEliS.^^- 
jtf t ? ^7--4:*JiBHH-K3£+5 (SBl) 0 tlfll la 

[ 0 0 4 7 ] ^OOtx, P C A<Dv-X V r^if-^ L 

(SB 2) . ISfflt6 i ^-r v'a y^ri 1 lof Lfc 
J: 5 [cm 1 7b II 4 £>$N£ ERI-ER4C ^S'J-f ^ 
(SB 3 ) . 

10 0 4 8 ] cpuioii, Bn [ZTTi-tJ: o 

(C, % 1 OOM^E R 1 <f> 1 7 U-^mc^ 1 <n\s — *f'* 
7— "C*#a^tft5 ( S A 4 ) o r £>t $ cou-^v^ 

^ .p-it M*.tfiaifw i i i:iafe$nt^5 ^-if-/^ 

(LP- 2) mVV- (LP + 3. 5) 
niWtfOSfiOg , S: 8 »W Lf^ 8 fi^^> l^ — if 7 -0(^(0* 
/J>|gPWl t $jK6 0 1 COWARE R 1 CO 2 7 

^-A|^(b87U-A@(3Lt, u--+f ^7-&J§: 
(PW2-PW8) Cg^Ltf^M 
Srff5 (SB5-SBU) o 
[0 0 4 9 ] % I OO^li^E R I <0±X<07 
iA^^ffo/i^. rii6»*54A/tf««S:»4L (SB 
12) , *7U'-A^fc.W5fiStS:**{)S (SBl 
50 3) o- ^ilb8 0«j3ffl^S<5^r, H5^*f.J:5«- 
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(SB 1 4) o 

[ 0 0 5 0] CPU10|j:i3 = ai fr& k — 

p-p ws> sriaaisij«iHis5 2^Ji*u. :«^f/^ 

-PWDiaotf 2 i# ER2l:f# *A 7/ £ ff 5 

(SB 15) o £<Oft, l2(/)S«ER2i;l^^f:' 
««SrHfeL (SB 1 6) . i*^)17^-A(:^(f6 

(SB 17) £*C Sl^i:l^il;L'C/3(I^ 
6 (SB 1 8) o 

[0 0 5 1 ] iff^&ofc: 3 T tfy h<Ofl#K|fBtf> 

¥i&ffl[S:*«>5 (SB 19) o ^it'll H6«c^-fi: 

^^^CLTt l l 8 n s <Z>SJ«:4«#U niHb4 0 
•r.<7>ffi«:4 o^Wl:^Jti^4r^3T h<*>* 

xi&&Lxm$m<o¥%iB c m **^r^5 u 

5K-e*-T t «*FkE Ufc (2) 5K^J:oT*$.n5 a 
[0 0 5 2] Eljfct-<fc y»B«^33WSffl»li*iE*^ 

JE* x t X f y A wB9«tt-*w«* k 

^£31:, i^^kt (x* , y'' ) SriiSifflM^ 
y^ot2fi!to6t#coxffl[ (MiEffl) 4r#a{>sri:^J:. 

t 5 r. 1 3ft4-C# <5 H# ffl«co«jEfi| x X 
£ £ (SB 2 0 ) 0 

[0053] r ^ x*$c*bt~ emt 3 t e ^ h a>fl#H«# 

*iBia»<ott|BTfc5^^Sr*iJSTr5 (SB 2 l) . 

fct #1*. fitiai^ l" — if— E7— PW9&UWfl*If*IE 
l»«:ffl^r«*«>»*ii^«:ff 5 (SB 2 2) , 
[0 0 5 4] *fc, 5 B 2 1 CO^tjfecoM^, SiSlfiStt. 

IE<Ht3 (SB 2 3) . 
[0 0 5 5 ] fed, CPUlOii, f — 

- (PWI0, PWl 1, PWl 2) CDrtOft/MlPW 
1 0 SrJfli^TSS 3 £>1g«E R 3 oO i 7 u--A g 
*ttf 3 (S B 2 4) o 
[ 0 0 5 G ] :<>0l£. IB 3 «{|ttER 3(/)27 A 1 

(PWl I pwi 2) KlSJELT^ta**^? . 
3 (SB 2 5, SB 2 6) 0 

[0 0 5 7 ] SB 3 OfiSWE R 3 (D£T Op 7 U— $ 



(S) WBB¥9^ 2 1 2 8 6 6 

L4 

ii*fcfTofc«, rHfeW#i&^£*«£W£L (SB 
2 7)\ *7 l^AKfctf 5 0«t«:##S (SB 2 

^^pwi 3£#*t> (SB 2 8) , z.<n>i'—f—'*y 

-PWl 3 SrJfl^TJM U0««cE R 4 cO 2 7 k-^Cf 

Sr-ifc»Lr (SB 2 9) . OPC^i^Tt^, 
[ 0 0 5 8 ] &«:, CPUlOliOPCiaotWf: 

-V'<9-lcJ:^xmm<o&$&fr$:'ft5 (SB 3 

0) 0 

[ 0 0 5 9 ] Rtjj£L/t J: 3(-**lSOTK<f*i«i, PC A 
fCll*L»S«:jf 5 1 ^-r -/ V*-»«r^- 

i*tf>SS l 7iS« 4 R1-ER4 M#'#1U 
4@IcoKL»#S:fTor, *3i/£lfla^— f ^7"«r* 

t^sgot*, iotf)^-f^^a viffl^tlTp i0«o 

itf [ 0 0 6 0 ] nil^ty, y^5«*#»» 
(l/--^^^fiC0/<7^^^) ^7^-/J^0O^p 

i<4?, ATlPrW (MP(H««; 
/^;t^g\, r rf ^ ^ to EUgWjtHl^ v ^ 3 ^ 

^ U Tt'jo^a 1 OiD^f-f v-a >-£ 4OC0S1ER 
1-ER4 Iv^ML, 4««ER 1-ER4 {^£>t^T 1 

[ 0 0 6 1 ] 

U tt»»ILfctf»©i ofir>fiHJ*-cil@|(Z>KL*#4:tf 5 
©coo PCiaoK i oco/^-r . r > 3 yfrttffl * 

[0062] sbu, ^^lattsgntcEtttstirv^a^' 

u _ 4/ / ^ x o ? ^ / \s a co N# ~C , ft 
50- ATI Pfr* (H#^j1S^) A«K*ia*/ii<*S: 
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ft 3 r. t a 1 ^ 5#*^«nfc»*«r*-ratco 

[0 0 6 3] l»5R*2KftC0jiiaflJ3t7 sf ^^^« 
* + y v-a ^jfrifefciJltf, 1 ooo^-r 

E» U'r-^-^ 17 — t B§M*I HIE JkfcsR* 6 £ t 

a. Sot, 9 9tt^ia»snfceD4r^ja-rs»-&^ 

<k^ft< ft t> . ««JfflO-?fcCp«:ffK-rS , r.i*«T l * 
[0 0 6 4 ] ^Ett^litu:Eti£*itva ^ 

-ET t U T Ix- f - /< 17 —ft tf^/Uj* P^ffl ♦B.^Kffi $ 
ti 6 00 "C . *>ft 9 00 & !7 — -eEa-f 5:i^«< ft 

fir ft* 5 #Hf Uttttfca*** ShT a fco 

t?foa. 

[0 0 6 5] »**3E*Wi6[|ajg3feT f -f 

,tr, fft ee« ^ rat ft fitiia '£ m 
b# n w « 3 « ^wiassr^-rs/^^m-g-^fi* no ti a* 12 

It 6 o r- . E»» * £ ft 6 jt x r ^ * tc ft t> a L fc " 
s<;i-x f^RQHU J: o T flf«E»*fr 5 C <t # 6. 

[0 0 6 6] £/c. f*3ft*jl4Eit<©3te7^f;*^E»3£ 
* ^ Ufc t S ^fl9E5i»B*M«^Bf**<0l*Bd 

p ~a w$m«#e». o ,n 6 £ *k , mmmm 

Mtei^T, WEEiS^lt^EttrtS^E^i^, 
E»^/k^«t^Htt*ii5^"C, %\fy9T v?p% 
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lb 

^^tj?/^^ ttHq«E*itt£$ 6 00 r , \) 
fiOK/^-tEatSlt^iK ft^ , AT I PT"^ 

1 ^ 5 ic igHfc^) % t-mt <5 1 <^ -ei> &o 

[ 0 0 6 7 ] * fc 5 Ett*©*?^ ^ ^ E»W± 
8«tifttf, iE<o»*UJiP*.r. mEBttSK^tt 

wc » ft 3E ii «: s -r 6 m is s w m m m ^'6^ommm^ * 
-t* 5 ^ / u ^ ft * 00 b# w *i a 4 e t* o n , tt m « s *3 ^ 

76^ T, ESB#<^/^u^B#pfliH^MiE^if bn-S^-C. Eft 
»* t ft 6 it? 4 x * fciS L fcE*^</u^«PM*K 
J:ot*«Eg*ff5 ^t^-e# 
[lUffi^ffi^ftifteJU 

IKl J 6 P C A^/^f ^> 

-m 
20 mf&m 

H ■ 
[H6 ] «t*W«v^^5B#M«ttjEtto»W*ifet»W 

[@7] se * m ^ ^ t j- 6 e# 6Q Hit je tt co^ tti %m & m m 
raia 

[18 ] % tt0i] *5 6 3fe-rV ^ ^ Eft 

[0 9 ] *«W^-38ftW«-43tt60PC(p*«**-r 

[Biol **w<»-ii»OT«-*5ttaopc<o^j(i*« 

III 1] 3MtOT^*5tt S PC A 00^-7^ 

v-a yfc7 ^-iH^H{S&t/Ea^-if/^-*"^BI 
[flf*WRfl] 

1.-3:^=1^^, Z-EttftljflPfalK. 3--^-^li]£S, 

4 ... i^— tfBj&isitt. 5--7 , ctV ^ r ixT', e-'-jfeT-'^ 

^ . 7 -R Fitfi'lslSS. 8-^s/^ttaJlHl», 9 /? 
ttttilllK. 10-CPU, ll-EDBW, 
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